Noble gas molecules have not hitherto been detected in space. From spectra obtained with the Herschel Space Observatory, we report the detection of emission in the 617.5 GHz and 1234.6 GHz J = 1-0 and 2-1 rotational lines of 36 ArH + at several positions in the Crab Nebula, a supernova remnant known to contain both H 2 molecules and regions of enhanced ionized argon emission. 
stars during core-collapse supernova events. Its detection in the Crab Nebula, the product of such a supernova event, confirms this expectation. The likely excitation mechanism for the observed 36 ArH + emission lines is electron collisions in partially ionized regions with electron densities of a few hundred per centimeter cubed.
Noble gas compounds
have not yet been found in space, despite some examples, such as ionized hydrides, being relatively stable (1) . Astronomical searches for the near-infrared and far-infrared lines of HeH + , whose dissociation energy is 1.8 eV (2) have not been successful (3, 4) . The Crab Nebula is the product of the supernova of 1054 AD and is thought to have originated from the core-collapse explosion of a star 8-16 times as massive as the Sun (5). We have obtained far-infrared to submillimeter spectra of the Crab Nebula using the Herschel Space
Observatory (6) . We report here the detection of emission lines from the ionized hydride of argon, an element predicted to form by explosive nucleosynthesis in core-collapse supernovae (7) .
The Crab Nebula was observed with the Fourier Transform Spectrometer (FTS) of the Spectral and Photometric Imaging Receiver (SPIRE) (8, 9) (Fig. 1) . The full width half maximum spectral resolution was 1.44 GHz at all frequencies, corresponding to a resolving power of 690 in the middle of the frequency range. The observation consisted of 48 FTS scans, for a total on-source exposure time of 3197s. The data were processed using the extended source calibration in version 11 of the Herschel Interactive Processing Environment (11) . The J = 2-1, F = 5/2-3/2 line of OH + at 971.8038 GHz (12) , which falls in the SLW and SSW spectral overlap region, is present in emission in many of the spectra (Fig. 2) . This line has been observed from a range of astrophysical environments by
Herschel, both in absorption (13) and emission (14, 15) . In addition, two unidentified emission lines were found to be present in some of the Crab spectra, one in the SLW range at ∼618 GHz, and the other in the SSW range at ∼1235 GHz. A search using the Cologne Database for Molecular Spectroscopy (12) (1)) that has been studied extensively in the laboratory. The Crab Nebula consists predominantly of ionized gas, photoionized by synchrotron radiation from the pulsar wind nebula (5, 16). It also contains many H 2 -emitting neutral clumps (23, 24) . Transition zones between fully ionized and molecular gas will exist, where ArH + can be formed by the exothermic reaction Ar + + H 2 → ArH + + H, releasing 1.49 eV (25) . If the elemental species created by the supernova explosion were still largely unmixed in the remnant, then it is possible that ArH + molecules would be found only at interfaces between H-rich gas and Ar-rich gas where mixing has occurred. Four of the seven FTS SSW detectors in whose spectra J = 2-1 36 ArH + emission was detected (SSW B1, B2, A1 and A2) are situated on a bright filament south of the center of the nebula (Fig. 1) , as is the SLW D4 detector in which the strongest J = 1-0 emission was detected. A cluster of seven near-infrared H 2 -emitting knots, with a wide range of radial velocities, is coincident with the same bright filament (24 (27)). However, because the Crab nebula is photoionized by its pulsar wind nebula (5, 16), photodissociation could be the main ArH + destruction mechanism.
The main excitation mechanism for the observed ArH + emission lines is likely to be collisions with either electrons or H 2 molecules but rate calculations or measurements do not exist as yet. The J = 1 and 2 levels of 36 ArH + are situated 29.6 K and 88.9 K above the ground state, respectively, negligible compared to the electron temperatures of 7500-15000 K measured for the ionized gas in the Crab Nebula (5), or even compared to the H 2 excitation temperatures of 2000-3000 K that have been measured (28) . If the electron or H 2 densities in the transition zones where ArH + is hypothesised to be located should exceed the 'critical densities' of the emitting levels (where the sum of the collisional excitation and de-excitation rates from a level exceed the radiative decay rate from the level), then the level populations will be in Boltzmann equilibrium. Using the known molecular parameters of ArH + (12, 17) the 2-1/1-0 line emission ratios should then be of the order 30, for excitation temperatures appreciably exceeding 100 K. The SSW D4 and SLW C3 detectors are centred on the same bright knot (Fig. 1) and yield a 2-1/1-0 line surface brightness ratio of 2.5, while the spectra from the approximately co-located SSW B3 and SLW C4 detectors yield a line surface brightness ratio of 2.0 (Table 1) , well below the ratio for Boltzmann equilibrium. The densities of the collision partners in the emitting regions must therefore be well below the corresponding critical densities of the ArH + rotational levels. We used the MADEX code (17) 
